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The growing attention focused on transient ischemic attacks (TIAs) seems to have fostered an increasing disregard of the relationship between epilepsy and cerebral ischemia, and the two diagnoses have even been considered as mutually exclusive. 26 Seizures in obstructions of the middle cerebral artery (MCA) have not been regarded as an outstanding feature of the clinical picture, being included among second-order symptoms. 6 , '• 10,12,26,27 The obvious inference is that epileptic attacks are more frequent in carotid than in MCA occlusive disease. Indeed, their actual incidence is difficult to assess on the basis of data so far available. 8 - 10 Our aim has been to re-evaluate the occurrence of epileptic seizures in both carotid and MCA occlusive disease by investigating a group of patients with angiographically proven occlusions or stenosis of either artery. We wanted to verify whether epilepsy can really be regarded as an outstanding feature of carotid obstruction as pointed out by the classic literature; and, this being the case, to what extent it should be held peculiar to this syndrome rather than of MCA STROKE VOL 13, No 2, MARCH-APRIL 1982 occlusive disease. The occurrence of epileptic seizures might contribute to the differential diagnosis between the two conditions.
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Patients and Methods
From the records of patients admitted to the Neurological Department of Genoa University during the decade 1971-1980, 104 consecutive patients with carotid and 37 patients with MCA occlusive disease were selected. The essential prerequisite to diagnosis was the angiographic study, thereby excluding many patients in whom the clinical suspicion of carotid occlusion or stenosis was strongly supported by Doppler ultrasonography.
The carotid group included 79 males and 25 females, aged 26 to 87 years, with a mean age of 59.9 (SD = 9.7). In 75 patients there was a complete obstruction (occlusion) of at least one internal carotid artery (in 4 of them the occlusion was bilateral). In the remaining 29 patients angiography showed a partial obstruction (stenosis), varying from about 50% to subtotal occlusion.
The MCA group included 14 males and 23 females, aged 28 to 80 years, with a mean age of 60.0 (SD = 12.9). In 31 patients there was an occlusion of the artery involving the main trunk close to the origin (24 patients) or one or more of its major branches (7 patients). In the remaining 6 patients there was a stenosis of the main trunk of the MCA. In 5 patients (13.5% of the whole MCA group) angiography showed also a minor degree of carotid disease (mainly small mural defects). However, no patient had a comparable involvement of both arteries, thereby eliminating possible confusion from overlap between the two groups.
A statistical analysis (two-way AOV) revealed no significant difference in mean age either between carotid and MCA groups (F = .29, df 1,137; ns), or between males and females (F = 3.24, df 1,137; ns), although in both groups there was a trend for females to be somewhat older than males (mean age 61.2 vs 59.3 in carotid patients; 62.0 vs. 56.7 in MCA patients). There was a much greater proportion of females in the MCA group as compared with the carotid group (chi square = 16.01; df 1; p < .0001), in accordance with the findings in the literature. 28 In all the patients admitted to this study, the clinical and laboratory investigations included a detailed history, a general and neurological clinical examination, evaluation of the main urine and blood parameters, skull and chest radiograms, ECG, standard EEG, and carotid angiography. In several patients further investigations were carried outophthalmodynamometry, carotid compression test, brain scan, CSF examination, Doppler ultrasonography, brachial angiography. A CT-scan was performed in 28 patients, all since 1977. Since CTscan and Doppler ultrasonography have been available, there has been a trend to be more cautious in performing angiography and, consequently, a reduction of patients eligible for this study. Both facts account for the small number of CT-scans.
Criteria for Classification
Clinical histories and chart recordings were reviewed for the occurrence of epileptic seizures, completed strokes, and reversible ischemic attacks (RIAs) -this heading including both TIAs and protracted transient ischemic attacks 29 (PTIAs). In most cases, the diagnosis of epileptic seizures was based on the history taken by the neurologist in charge of the patient. In other cases, the seizures had occurred while the patient was in hospital, with the-record of the doctor's direct observation being available. An EEG recording of the fit was performed only twice.
To minimize the risk of classifying epileptic seizures spells of another nature, strict adherence criteria were followed and ambiguous cases were discarded. The report of a simple loss of consciousness, short-lasting episodes of mental confusion, unilateral transient paraesthesias, and doubtful jerking of limbs during TIA-like episodes was deemed insufficient for a diagnosis of epileptic seizure. Patients who had motor jerks during the carotid compression test were excluded as well, since these phenomena are unanimously regarded as non-epileptic.
A clinical diagnosis of epileptic seizure was reserved for the following three conditions:
(a) The patient had partial motor seizures that were reported in detail, either with or without a clear Jacksonian march;
(b) The patient had any kind of focal seizure that was followed by a generalized attack; (c) The patient had generalized convulsions without focal onset, provided that the type of onset or clinical features or both could reasonably rule out the diagnosis of convulsive syncope.
For all other types of transient spells, no inference regarding a possible epileptic origin was made unless a critical EEG recording was available.
During the course of the underlying arterial occlusive disease, epileptic seizures could occur in one of the following five patterns: 80 (I) Patients who had seizures but were otherwise asymptomatic, in whom convulsions were the only complaint and the neurological examination was normal or showed only minimal focal signs (eg. a mild asymmetry of deep reflexes, an equivocal plantar response) without any degree of disability.
(II) Patients whose history had been punctuated both by seizures and typical manifestations of transient cerebral ischemia. Patients in whom seizures had been the first event, followed by a completed stroke, were included in this group as well. These represent the so-called "Prakursiv-Epilepsie," 31 or heralding epilepsy.
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(III) Patients in whom seizures occurred within the context of a slowly progressing neurological deficit.
(IV) Patients whose seizures occurred during the acute stage of an ischemic stroke (from 2 days prior to the stroke to 2 weeks after it).
(V) Patients whose seizures occurred as a late sequel of an ischemic stroke, occurring at least 2 weeks after it.
Obviously, RIAs could even occur in the context of clinical patterns III, IV, and V prior to the onset of a lasting neurological deficit.
Results
Epileptic seizures occurred some time during the clinical course of the illness in 18 patients with carotid occlusive disease (17.3%) and in 4 patients with MCA occlusive disease (10.8%). The statistical analysis failed to reveal any significant difference between the overall incidence of seizures in the two groups (chi square = .45; df 1; ns).
The main clinical features of cases with seizures are reported in table 1. No patient of either group had a previous history of convulsions, head injury, or chronic alcohol abuse. In the case of focal seizures, the involved hemisphere was always that of the affected artery. The time relationship between seizures and typical features of cerebral ischemia (RIAs and completed strokes when the latter were present), was fairly close in all patients. The only exception was case 4 who had Jacksonian seizures 5 years before the onset of TIAs and 8 years before the occurrence of a completed stroke, all these phenomena involving the same side. Table 2 summarizes the frequency of different types of seizures in both groups. In the carotid group, partial motor seizures were by far the most frequent ones (77.8%). On the contrary, both generalized and partial complex seizures were rather poorly represented (11.1% each). In the MCA group, 2 patients had partial motor seizures (Jacksonian) and 2 generalized convulsions without focal onset.
In the carotid group, a secondary generalization occurred in 6 patients (37.5% of focal seizures). Five patients had a status epilepticus which was focal in 3 patients, (generally an epilepsia partialis continua), and generalized in 2 (table 1) .
The relationship between occurrence of epileptic seizures and the course of the arterial occlusive disease is indicated in table 3. In the carotid group, 7 patients (38.9%) had seizures in the acute stage of an ischemic stroke (pattern IV). Of lesser numerical significance within the carotid group were 3 patients who had seizures as the only symptom (pattern I) and 3 who had both seizures and RIAs (pattern II) (in 2 patients of the latter group a completed stroke occurred later on: heralding epilepsy). Two patients in the carotid group had seizures as a late sequel of a completed stroke (pattern V) and 3 had seizures associated with a slowly progressing neurological deficit (pattern III). Epileptic seizures were the very first symptom of the disease in 7 patients (6.7% of the whole carotid group). On the contrary, no MCA patient had seizures before the onset of a neurological deficit: in 2 patients the seizures were an early manifestation of an ischemic stroke and in 2 patients they were a late sequel of it.
Twelve patients with carotid disease (66.7%) had a single convulsive fit, occurring in half of them during the acute stage of a stroke. One patient had at least two distinct episodes. In the remaining 5 patients seizures relapsed several times over some months, thus becoming the major complaint of the patient and requiring anticonvulsant treatment. In the MCA group, one patient had a single seizure, 2 patients had two episodes, and one had several convulsive attacks which began about two years after the stroke (table 1) .
In patients with carotid disease and with seizures, angiography disclosed occlusion in 12 and stenosis in 6 patients. Among the MCA patients, 2 had an occlusion of the main trunk close to the bifurcation, one had an occlusion of MCA major branches, and one had a stenosis of the main trunk of the artery.
In table 4 patients with carotid disease and with seizures are compared with those without them with respect to some clinical and laboratory findings. As it can be seen, no significant difference was found so that the occurrence of seizures in carotid occlusive disease does not seem to be related to any specific pattern. Interictal electroencephalograms in carotid patients with seizures were normal in 2 patients and abnormal in 16 patients (table 4) . Abnormalities, unilateral in 7 patients and bilateral in 9, lacked any specific trait and consisted of slow waves associated with sharp waves. EEG recordings during seizures were available only in 2 patients (cases 7 and 10), ictal abnormalities being appropriate to the clinical picture.
Patients with carotid and MCA disease were reviewed for the occurrence of RIAs, completed strokes, and slowly progressing neurological deficit (table 5) . RIAs were more frequent in carotid patients (43.3 vs 35.1%) and completed strokes in MCA patients (91.9 vs 78.8%), although neither difference was statistically significant. A slowly progressing neurological deficit, sometimes associated with intracranial hypertension and/or seizures, occurred in 6 patients with carotid disease (5.8%) and in one with MCA occlusive disease (2.7%).
Discussion
Epileptic seizures can occur in patients with both carotid and MCA occlusive disease, being much less frequent than "classic" symptoms of cerebral ischemia (RIAs and completed strokes). The overall incidence in our patients approaches that reported by many authors for both carotid 3 ' ™-"• 12 and MCA patients. 10 ' 26 The great majority of seizures were partial motor ones, whereas partial complex seizures seldom occurred. Although the incidence of non-motor epileptic manifestations could have been underestimated because of our selection bias, this finding is in agreement with previous reports. 9, u The hypothesis that unilateral convulsions in cerebral arterial disease may represent release phenomena due to focal cerebral ischemia 32 rather than true epileptic seizures has been taken into account, but a critical EEG was not available in most of our cases. Indeed, jerking movements associated with slowing of EEG activity are fairly common during carotid manual compression on the healthy side in patients with unilateral carotid occlusive disease. 33 However, the occurrence of a similar picture during spontaneous cerebral ischemia, though possible, should be considered as highly exceptional. In our opinion, the problem of the differential diagnosis between jerking movements and epileptic motor seizures has been overemphasized; 34 particularly, we feel that the former phenomenon represents a sort of clinical artifact practically confined to the carotid compression test. 30 It should be recalled that even the occurrence of release mechanisms in acute cerebral ischemia has recently been questioned. 36 Many facts point to an etiological connection between the seizures and the underlying arterial disease, particularly the coincidence of laterality between the involved hemisphere and the affected artery (in the case of focal seizures) and the time relation between the onset of typical features of cerebral ischemia and the occurrence of seizures. Indirect evidence can be added, such as the exclusion of other possible causes of epilepsy and the overall incidence of seizures in both groups of patients which is definitely higher than that of epilepsy in an age-matched general population. Patients with carotid stenosis are reported in whom seizures ameliorated or completely disappeared after carotid endarterectomy. 14, 16 In view of all these considerations, the hypotheses of a coincidental association 17,3e or of a questionable relationship 20 seems hardly tenable. There is a trend for seizures to be more frequent in patients with carotid than with MCA occlusive disease (17.3 vs 10.8% respectively), as previously reported, 8, 10 but the difference did not approach the level of significance. Although the overall incidence of seizures 
warrants the inclusion of the latter as a fairly frequent symptom of cerebral arterial disease, their occurrence did not prove to be of great help in the differential diagnosis between carotid and MCA occlusions. To this account, the pattern of occurrence of seizures in the natural history of cerebrovascular dis- 13 (9.5%). On the contrary, in all patients with MCA disease the occurrence of seizures was associated with either a previous or a concomitant completed stroke, and epileptic seizures were never the only presenting symptoms of the disease. 27 Although the number of patients with MCA disease is too small for a definite conclusion, our data suggest that seizures, which do not appear on a background of a lasting neurological deficit or do not accompany the onset of the latter, are more likely to occur in patients with carotid than in those with MCA occlusive disease.
The occurrence of seizures in a patient without any history of previous completed strokes raises several pathophysiological problems. Cerebral embolism has been reported to be associated often with epileptic seizures, 37 ,3S even in the absence of a neurological deficit. 39 Therefore, minor embolizations from atherosclerotic plaques may account for epileptic seizures in carotid occlusive disease, 11 , " irrespective of the occurrence of a completed stroke. The finding that carotid stenosis is more often associated with seizures than complete occlusion 9, "• 16 supports this hypothesis. Our results confirm a trend for epileptic seizures to occur more frequently in carotid stenosis (20.7%) than in carotid occlusion (16.0%). Actually, this difference might be higher since, at least in some cases, angiography was performed after the completed stroke, the seizures having occurred earlier.
Alternatively, one may assume that even in those patients without a previous history of completed stroke there was a clinically silent cortical infarction. 37, [40] [41] [42] [43] This hypothesis is supported by recent CTscan investigations which have shown that a fairly large proportion of Jacksonian seizures occurring in patients without any prior history of cerebrovascular accidents can be due to cerebral infarctions, even in the absence of detectable neurological deficits. 44 It is conceivable that carotid rather than MCA occlusive disease may give rise to clinically silent cerebral infarctions because of the greater possibility for collateral circulation.
Finally, there is experimental evidence that cerebral ischemia may be associated at times with an increase of neuronal activity and even with seizure discharge, as long as the CBF does not fall below a critical value and metabolites are available to maintain the abnormal neuronal activity. 46 The hypothesis that epileptic seizures in cerebral arterial disease may be related to similar mechanism has been recently supported by some authors, 31 but direct clinical evidence is still lacking.
In summary, it may be concluded that the incidence of epileptic seizures as a symptom of cerebral arterial occlusive disease has been underestimated. Focusing of attention on the more common features of cerebral ischemia (TIAs, PTIAs, etc.) has diverted the interest of investigators from less usual signs. Epileptic seizures may represent the first manifestation of otherwise silent cerebral arterial occlusive disease, particularly when the carotid artery is involved. 30 There-fore, carotid angiography should be considered when other standard investigations, including CT-scan, have failed to disclose the cause of late-onset epilepsy.
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